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As part of the development of a method to detect honey 
in imported materials, a database of the oligosaccharide 
composition of a range of Asian commercial honeys has 
been prepared. Low maltose contents were detected com-
pared with literature values for honey from Europe, North 
Africa and South America; with this exception oligosac-
charide contents were similar to those in the literature. 
Moisture contents were slightly high compared with lit-
erature values for Europe and North America but compa-
rable with literature values for Asia. Moisture, monosac-
charide and sucrose contents were generally within the 
limits applied by the Codex. Four honeys were apparently 
adulterated.
Introduction
In New Zealand an Import Health Standard (IHS) for 
processed bee products exists pursuant to Section 22 of 
the Biosecurity Act 1993. This IHS specifies the require-
ments to be met for the effective management of risks as-
sociated with the importation of specified processed bee 
products.1, 2 Foods, confectionary, dietary supplements 
and medical preparations containing greater than 2% of 
honey require an import permit. To assist in the enforce-
ment of this IHS by the Ministry of Agriculture and For-
estry (MAF) it has been necessary to develop a method 
for the detection of honey at low levels in such materials. 
The method described here is based upon the detection 
and quantification of the relatively uncommon oligosac-
charides that derive from reversion in honey during matu-
ration. As part of the validation of the method we have 
undertaken a survey of oligosaccharides in commercial 
honeys of Asian origin.
Although an extensive literature describes the oligosac-
charide profiles of honeys from Europe, North and South 
America, and North Africa, few articles describe samples 
of Asian origin. Studies about adulteration analysed three 
commercial Chinese acacia honeys but did not actually 
tabulate the results, as the honeys were intended only to 
test a validation method.3, 4 Another study described 81 
samples from three different honeybee species of Nep-
alese origin but only tabulated the results for sucrose, 
turanose and maltose, grouping the other disaccharides 
together without a statistical analysis,5 while a study of 




IRC-50 resin standard grade was purchased from BDH 
Chemicals Ltd. NaBH4 was obtained from Alfa Aesar - 
A Johnson Matthey Company. Tri Sil HTP reagent was 
obtained from Thermo Fisher Scientific Inc. Methanol 
was of HPLC grade and supplied by either Scharlau or 
Ajax Finechem Pty Ltd. Pyridine (99+%, A.C.S. reagent) 
was purchased from Sigma-Aldrich Co. and dried over 
molecular sieve. Water was obtained from a Crystal Pure 
Ultra Pure Water System. Glacial acetic acid (analytical 
reagent) was purchased from Ajax Finechem Pty Ltd.
Fructose, sucrose, turanose, maltose, nigerose, -trehalose, 
palatinose, melibiose, gentiobiose, isomaltose, melezi-
tose, raffinose, maltotriose, panose, isomaltotriose, xyli-
tol and kojibiose were obtained from Sigma-Aldrich Co.; 
glucose was purchased from BDH AnalaR; cellobiose 
was purchased from BDH Biochemical; maltulose was 
from CMS Chemicals Ltd.; 1-kestose was isolated from 
oligofructose kindly supplied by Salkat New Zealand, us-
ing HPLC and confirmed by NMR spectroscopy.
Honey samples, which had been intercepted at the New 
Zealand border, were supplied by MAF Biosecurity (New 
Zealand) and were stored at 4 oC until required. The coun-
try of origin was recorded by MAF personnel and as in-
dicated by labelling. Samples were warmed to 40 oC and 
stirred to remove crystallisation before analysis.
Determination of moisture content
Moisture content of the samples was determined using a 
Misco Palm Abbe PA203 Digital refractometer. Measure-
ments for each sample were taken every 10 seconds until 
three consecutive stable values were obtained.
Preparation of standards
Three individual solutions of xylitol were prepared as 
internal standards. Each of the triplicate measurement of 
samples and standards used a separate internal standard.
NaBH4 (5 mg per mg of standard) was weighed into a 
glass vial (7 mL) and the required amount of sugar stan-
dard added. Deionised water (1 mL) was added. The vial 
was heated (50 oC, 4 h) then cooled and freshly washed 
IRC-50 resin added to remove excess NaBH4 until no 
more gas was evolved. The standards were filtered and 
evaporated under reduced pressure until nearly all the 
solvent had evaporated. The remaining liquid was trans-
ferred quantitatively into a glass vial (7 mL) and evapo-
rated under a stream of dry nitrogen (40 oC) followed by 
co-evaporation six times with acidified methanol (2 mL ) 
to remove residual borate. Xylitol internal standard (100 
μL) was added and the solution evaporated under a stream 
of dry nitrogen (40 oC) until no liquid was visible, then 
dried overnight in a vacuum oven (40 oC).
Reduced sugars were per-O-trimethylsilylated by adding 
dry pyridine (900 μL) and sonicating (5 min). Tri Sil HTP 
(100 μL) was added and the vials heated (10 min, 75 oC). 
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The vials were left to cool and subsequently centrifuged 
(3 min, 3000 rpm). The supernatant (0.5 mL) was trans-
ferred to a clean GC vial, diluted appropriately using dry 
pyridine (~1 mL) and subsequently analysed by GC-FID. 
Non-reducing sugars were per-O-trimethylsilylated with-
out the prior reduction step.
Response factors were determined by analysing each 
available standard in triplicate with varying amounts of 
compound and a consistent amount of internal standard. 
The response factor was taken from the gradient of a lin-
ear fit to the graph of the ratio peak area standard: peak 
area xylitol versus the ratio weight standard: weight xy-
litol. Sugars for which standards were not available were 
quantified using the mean response factor for di-or trisac-
charides as appropriate.
Preparation of samples
Samples were prepared in triplicate. Honey (approxi-
mately 15 mg) and NaBH4 (60-70 mg) were weighed 
into a glass vial (7 mL) and deionised water (1 mL) was 
added. The vial was heated (50 oC, 4 h) then cooled and 
freshly washed IRC-50 resin added to the vial to remove 
excess NaBH4 until no more gas evolved. The samples 
were filtered, then evaporated under reduced pressure 
until nearly all the solvent was removed. The remaining 
liquid was transferred quantitatively into a glass vial (7 
mL), evaporated under a stream of dry nitrogen (40 oC) 
and co-evaporated six times with acidified methanol (2 
mL) to remove residual borate. Xylitol internal standard 
(100 μL) was added and the solvent evaporated to near 
dryness. The vials were then dried overnight in a vacuum 
oven (40 oC). Reduced samples were per-O-trimethylsi-
lylated by adding Tri Sil HTP (1.5 mL), sonicating for 10 
mins and heating (10 min, 75 oC). The vials were left to 
cool and subsequently centrifuged (3 min, 3000 rpm). The 
supernatant (0.5 mL) was transferred to a clean GC vial 
and subsequently analysed by GC-FID.
Gas Chromatography with flame ionisation detec-
tion (GC-FID)
GC-FID was carried out using a gas chromatograph 
(Model 6890N Series, Agilent Technologies) equipped 
with an autosampler (Model G2614A Series Autosam-
pler, Agilent Technologies) and injector unit (Model 7683 
Series Injector, Agilent Technologies). Analyses were 
carried out with an on-column injector and using a 30 
m × 0.32 mm × 0.25 μm Zebron ZB-5 capillary column 
(phase: 5%-phenyl-95%-dimethylpolysiloxane) and FID 
detection. Carrier gas was hydrogen at 2.6 mL/min. Two 
microliter samples were injected into the column, with the 
injector temperature tracking the oven temperature. De-
tector temperature was maintained at 325 °C. The oven 
temperature program was 150 oC (5 min) + 3 oC/min to 
300 oC + 1 oC/min to 325 oC (10 min).
Results and discussion
The moisture contents of the honey samples are given in 
Table 1. 
Compared with the average moisture content of USA flo-
ral honeys of 17.2% (range: 12.2 – 22.9%),7 or the aver-
age moisture content of honeys from the Madrid province 
of Spain of 16.13% (range:13.00-18.30%),8  the moisture 
contents of Asian honeys (average: 18.3% , range: 16.5-
20.4%) are slightly higher. The Codex Alimentarius Com-
mission for honey prescribes a limit of 20% moisture, ex-
cept for Calluna honey at not more than 23%.9 Eight of 
the samples supplied had moisture contents higher than 
the 20% limit and these are listed separately in Table 2.
A comparison of moisture content of honeys by honey bee 
in Nepal gave 21.51 ± 2.38, 20.12 ± 2.66 and 17.14 ± 2.56 
for Apis dorsata, A. cerana and A. mellifera respectively;5 
a similar comparison in the Phillipines gave 23.1 ± 2.3, 
22.0 ± 3.7 and 19.5 ± 1.6, respectively.6 The latter study 
gave possible causes for the higher range of values as bee 
species, handling practices and environmental humidity, 
although the former study narrowed the possibilities to 
the bee species, by collecting on the same day and from 
the same district. It is likely that some of the honeys in the 
present study may have originated from the indigenous 
Asian honeybees A. dorsata and A. cerana and so, with 
the exception of two samples from Vietnam, the moisture 
content difference is appropriate. Nevertheless, honeys 
for which the moisture content exceeded 20% have been 
separated in case the moisture content is due to some type 
of adulteration.
Because of the problems of chromatographic resolution 
of the very large number of di- and tri-saccharides pres-
ent in honey and the difficulty and expense of obtaining 
Table 1. Moisture contents of Asian honey samples.
Country of origin  
(number of samples)
Average moisture content 
(range) (%)
China (n = 6) 17.8 (17.2 – 19.1)
India (n = 7) 19.4 (17.8 – 20.3)
Indonesia (n = 1) 18.4
Japan (n = 2) 17.4 (16.5 – 18.2)
Malaysia (n = 2) 16.8 (16.7 – 16.8)
Russia (n = 1) 18.1
South Korea (n = 1) 18.4
Vietnam (n = 2) 19.9 (19.3 – 20.4)
Average (n = 22) 18.3 (16.5 – 20.4)
Table 2. Moisture contents of some honeys that exceeded 20% 
as recommended in the Codex Alimentarius.







Sri Lanka 1 21.0
Sri Lanka 2 20.5
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standards, many studies quantify only a representative 
sample of sugars. Gas chromatography of per-O-trimeth-
ylsilylated alditols gives good resolution but suffers from 
two drawbacks. Firstly, reduction of sugars with a fruc-
tose reducing end results in an epimeric pair of sugar al-
ditols, thus complicating the chromatography. Secondly, 
because of symmetry considerations, reduction gives rise 
to three pairs of identical species which it is not possible 
to resolve. These are nigerose and the first peak of tura-
nose, the second peak of turanose and the first peak of 
maltulose, and the second peak of maltulose and maltose. 
These pairs of peaks are therefore grouped in subsequent 
tables. Fructose and glucose cannot be distinguished by 
this method and so are combined and listed as monosac-
charides.
The mean weight % of the sugars found in the Asian hon-
ey samples by country are given in Table 3, together with 
the global means and ranges.
Table 4 lists the sugar contents for honeys whose moisture 
contents exceeded 20%. 
Several of these honeys also fell below the range specified 
by the Codex Alimentarius for monosaccharides of not 
less than 60g/100g;9 two honeys whose moisture contents 
were within the specified range but whose monosaccha-
ride sugar content fell below 60% are listed separately in 
Table 5. 
Comparison of the data in Table 3 with the literature for 
honey samples from Europe, principally Spain,8, 10, 11, 12, 13 
North Africa,14, 15 North America,16 and South America17 
shows that the ranges for cellobiose, laminaribiose, gen-
tiobiose and palatinose are displaced slightly higher than 
the literature and isomaltose and raffinose are slightly 
lower. A proper comparison is not possible as not all au-
thors list all sugars and there is also considerable varia-
tion in the literature. 1-kestose, erlose and melezitose are 
lower than some of the literature; the latter two sugars are 
associated with honeydew honey,18 and the lower values 
may indicate a lower contribution of this type of honey. 
The greatest difference is in the value for maltose: as-
suming that maltose is the sole contributor to the maltose 
+ maltulose(2) peak, maltose has a mean value of 1.49 
and a range of 1.04-2.03. This is considerably lower than 
observed in the literature with the exception of honeys 
from North America determined by HPLC.16 The reasons 
for this are unclear, since methodologies in the literature 
vary; significantly lower levels of maltose were found 
in honeys from A. dorsata and A. cerana than in A. mel-
lifera.5 It is also possible that it relates to the current ready 
availability of corn syrups for feeding in Europe and the 




















Mean Std Dev Range
Sugar %w/w
Monosaccha-
rides 68.84 68.84 72.13 66.92 69.53 68.3 85.05 59.91 77.79 70.81 7.10
59.91–
85.05
Sucrose 0.73 0.73 0.15 0.06 0.11 0.27 0.12 0.04 0.02 0.25 0.28 0.01–0.73
Trehalose 0.1 0.1 0.08 0.1 0.09 ND 0.05 0.12 0.02 0.08 0.03 0–0.12
Cellobiose 0.38 0.38 0.3 0.47 0.39 0.49 0.4 0.66 0.42 0.43 0.10 0.3–0.66
Laminaribiose 0.35 0.35 0.25 0.6 0.43 0.17 0.25 0.23 0.12 0.31 0.15 0.12–0.6
Nigerose  +  
Turanose1 1.16 1.16 0.8 0.52 0.66 0.83 1.92 2.17 1.55 1.20 0.57 0.52–2.17
Turanose2 + 
Maltulose1 0.66 0.66 0.44 0.28 0.36 0.14 1.26 1.32 0.95 0.67 0.42 0.14–1.32
Maltulose2 + 
Maltose 1.39 1.39 1.45 1.31 1.38 1.04 1.66 2.03 1.76 1.49 0.29 1.04–2.03
Kojibiose 0.32 0.32 0.15 0.21 0.18 0.09 0.49 0.69 0.56 0.33 0.20 0.09–0.69
Melibiose 0.4 0.4 0.13 0.33 0.23 0.2 0.79 1.13 1 0.51 0.37 0.13–1.13
Gentiobiose 0.21 0.21 0.05 0.28 0.17 0.13 0.11 0.37 0.4 0.21 0.12 0.05–0.4
Palatinose 0.56 0.56 0.24 0.51 0.38 0.25 1.15 1.65 1.58 0.76 0.55 0.24–1.65
Isomaltose 0.37 0.37 0.56 0.77 0.67 ND ND 0.09 ND 0.47 0.25 0–0.77
Raffinose 0.03 0.03 0.01 ND 0.01 ND 0.01 ND ND 0.02 0.01 0–0.03
Kestose 0.12 0.12 0.08 0.02 0.05 0.01 0.18 0.11 0.15 0.09 0.06 0.01–0.18
Erlose 0.32 0.32 0.17 0.02 0.10 0.01 0.73 0.25 0.16 0.23 0.22 0.01–0.73
Melezitose 0.03 0.03 0.01 0.02 0.02 ND 0.07 0.05 0.05 0.03 0.02 0.01–0.07
Maltotriose 0.09 0.09 0.05 0.12 0.09 0.04 0.17 0.17 0.1 0.10 0.05 0.04–0.17
Panose 0.08 0.08 0.13 0.16 0.15 0.18 0.18 0.24 0.2 0.16 0.05 0.08–0.24
Isomaltotriose 0.01 0.01 0.01 0.03 0.02 0.04 0.04 0.03 0.02 0.02 0.01 0.01–0.04
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Table 4. Mono- and oligosaccharides in Asian honey samples whose moisture content exceeded 20%.
China India Vietnam 1 Vietnam 2 Vietnam 3 S. Korea1,2 Sri Lanka 12 Sri Lanka 22
Sugar
Monosaccharides 57.43 57.43 57.79 63.29 56.16 52.82 77.30 85.75
Sucrose 0.96 0.96 0.22 0.10 0.03 1.19 0.06 0.06
Trehalose 0.03 0.03 0.08 0.03 0.02 0.06 ND 0.14
Cellobiose 0.15 0.15 0.32 0.16 0.26 0.35 0.47 0.71
Laminaribiose 0.21 0.21 0.13 0.29 0.05 0.26 0.18 0.78
Nigerose +  
Turanose1 0.50 0.50 0.59 0.60 1.13 0.78 2.63 2.00
Turanose2 + 
Maltulose1 0.22 0.22 0.08 0.34 0.57 0.49 1.67 1.41
Maltulose2 + 
Maltose 1.20 1.20 0.53 1.50 1.04 2.33 2.20 2.79
Kojibiose 0.14 0.14 0.05 0.28 0.28 0.28 0.82 0.56
Melibiose 0.18 0.18 0.08 0.20 0.24 0.47 1.03 0.71
Gentiobiose 0.07 0.07 0.07 0.08 0.08 0.21 0.11 0.34
Palatinose 0.28 0.28 0.11 0.44 0.01 0.46 1.70 0.79
Isomaltose ND ND ND 0.32 ND ND ND ND
Raffinose 0.01 ND 0.01 0.00 0.01 0.02 ND ND
Kestose 0.14 ND 0.01 0.09 0.04 0.33 0.09 ND
Erlose 0.49 ND 0.02 0.05 ND 2.37 0.26 0.17
Melezitose 0.03 ND ND ND 0.00 0.11 0.09 0.03
Maltotriose 0.12 ND 0.02 0.07 0.03 0.29 0.18 0.24
Panose 0.04 ND ND 0.14 0.05 0.16 0.21 0.15
Isomaltotriose 0.00 ND ND 0.01 ND ND 0.04 ND
1 possibly a honeydew honey as it has elevated erlose content.
2 These honeys have maltose contents that fall outside the range for other Asian honeys but not outside values quoted in the literature for Europe, N. 
Africa and S. America.
Americas and that the North American paper predates this 
practice.
Four of the samples were apparently adulterated: two 
from China and one (possibly) from the Phillipines, either 
by inappropriate feeding with sucrose or addition of su-
crose syrup; this was deduced from the presence in these 
samples of a large sucrose peak.4, 10 The sample from the 
Phillipines (which was labelled “pure honey”) may pos-
sibly be a honeydew honey as it has an elevated erlose 
content, but the sucrose content (9.94%) is considerably 
higher than the 5% permitted by the Codex.9 It should be 
noted, however, that a mean of 9.51% was found from 
colonies of A. cerana in the Phillipines;6 and that in an-
other study sucrose ranged to higher levels in the two 
Asian honeybees compared with A. mellifera.5  One sam-
ple from Malaysia was adulterated and exhibited enlarged 
peaks for maltose (-6 % w/w) and maltotriose (~5%) 
probably due to addition of, or inappropriate feeding with 
starch syrups.4, 19, 20 The presence of adulteration makes 
it difficult to accurately quantify minor oligosaccharides. 
The mean weight % of sugars in apparently adulterated 
samples by country is given in Table 6.
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